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Abstract. -The growth of single crystals of chalcopyrite compounds from solution in liquid metals is described. The furnace tube is rotated to and fro to provide stirring and the temperature is lowered with interruptions and slight reheating to limit nucleations. An attempt to grow ZnCdGe2P4 is described.
For over ten years a small group at Bath has been working on the synthesis and crystal growth of new semiconducting compounds of the adamantine or diamond-structure family [1, 2] . Special effort has been devoted to growth of II IV V 2 compounds-ternary chalcopyrite structure semiconductors which are analogues of the III V sphalerite structure compounds. We have grown these from the melt [3] , by vapour transport using halogens [4] and especially from metal solution [4, 5] . Recently, Humphreys [6] , used accelerated crucible rotation techniques in a series of specially designed vertical furnaces with accurate temperature control and a programmer which reduces the temperature at a few degrees per hour through the critical solubility ranges, and we have increased crystal sizes of metal solution grown II, IV, V 2 crystals quite considerably. For example, a crystal of ZnSiP 2 has been grown weighing 5.7 gm which is 100 times larger than those we grew and used five years ago. The quality of some of these larger crystals still leaves much to be desired and there are still major problems of stoichiometry and impurity content to be overcome.
1. The temperature programme and ACRT. -Apparatus has been designed in which the molten metal solvent sealed under vacuum in a quartz ampoule together with the solute elements is automatically rotated by two or three turns in one direction ; then stopped and rotated in the opposite direction for the same time. This ensures good mixing of the solution and prevents starvation of a growing crystal due to depletion of adjacent layers of solution of the solute elements. This would occur in a stationary solution and would encourage nucleation of new crystals in the regions of the vessel away from the crystal where the solute concentration is highest.
In order to discourage and remove extra nucleations, the temperature of the ampoule is varied. A raising and lowering cycle of temperature is superimposed on the steady fall of temperature which is usually 3 °C per hour. As the temperature falls, small extra crystals nucleate away from the main crystal and grow in competition with it. When the temperature is slightly raised, the smallest of these crystals redissolve preferentially while the larger crystals are merely diminished in size and remain to provide centres for rapid growth on the recooling cycle.
2. Crystals grown. -We have had considerable success using this technique with ZnSiP 2 grown from Sn and Zn. We have also applied ittoZnGeP 2 , CdGeAs 2 , CdGeP 2 and ZnSnP 2 with rather less spectacular success, using Sn and Pb as solvent metals.
This year, an attempt was made to grow from Pb solution a solid solution of about 50 % ZnGeP 2 in CdGeP 2 . We used on starting materials approximately 70 % ZnGeP 2 since this compound has an appreciably higher melting point than the cadmium compound. The resultant ingot was almost pure ZnGeP 2 in the form of a large central crystal with dendrite-like arms. On top of this grew a layer of small needle-like crystals of CdGeP 2 .
This may indicate that solid solubility for (Zn, Cd) GeP 2 is not complete but contains a miscibility gap in the middle of the composition range. On the other hand, vapour growth methods may well produce different results.
JOURNAL DE PHYSIQUE
Colloque C3, supplément au «° 9, Tome 36, Septembre 1975, page C3-35
Résumé. -On décrit la croissance de monocristaux de composés de structure chalcopyrite à partir de solutions métalliques. Le tube du four est animé d'un mouvement de rotation alternatif qui assure l'agitation du bain;la température est abaissée avec des interruptionsaccompagnées de légers réchauffements afin de limiter les nucléations.
Une tentative de croissance de ZnCdGeP4 est décrite.
3. Conclusion. -ACRT with temperature profiling are necessary. However, the technique does enable is a valuable growth technique for semiconducting crystals of two separate chalcopyrite phases to grow compounds, but considerable attention to the detailed one after the other forming an overgrowth crystal conditions required to grow each specific compound instead of a solid solution.
